Introduction
The demand for temporal and spatial characteristics of atmospheric precipitation, despite numerous studies published and analyses completed [Kożuchowski 1984 [Kożuchowski , 1996 The available studies of variations in atmospheric precipitation [Niedźwiedź 1991 [Niedźwiedź , 1998 [Niedźwiedź , 2009 Precipitation plays an important role in the global circulation of energy and water. The detailed knowledge of precipitation volumes reaching the Earth land surface is particularly important for an assessment of the quantity of fresh water available as well as for water management, necessary to meet the demand for water. This knowledge is also used to mitigate the risks of floods and droughts.There is a growing body of scientific evidence confirming the hypothesis proposing climate changes caused by human activities. The intensity of those changes depends on the region and varies in time and space. The analyses of climate changes at a regional level demonstrate a strong correlation with anthropogenic impacts. The climate changes observed are characterised by shortened period of high-intensity precipitation and more frequent periods of long-lasting precipitation that cause great floods. Also the periods characterised by high temperatures and reduced precipitation have become longer. The polarization of extreme phenomena is an established fact, associated with the variations in and intensity of human activities.
The Polish National Water Management Strategy for 2030 emphasises that water retention is insufficient already at present. An effective plan for flood control capacity is necessary to balance the consequences of an increase in the volumes of flowing bodies of water. On the other hand, retention of usable and manageable water resources is required to overcome the consequences of droughts.The total volume of flowing water in Poland amounts to 61.9 billion m 3 /year on average, including 88% of domestic resources. The total natural capacity of Polish lakes amounts to about 18.2 billion m 3 , plus additional 3.5 billion m 3 or more in retention reservoirs. The relatively small total capacity of Polish retention reservoirs, estimated to be about 4 billion m 3 and representing less than 6% of the long-term mean annual outflow, is insufficient to ensure the full protection against floods and droughts, a safe level of water supplies to the consumer population and to the industrial and agricultural sectors. The present conditions entail an actual hazard posed by the effects of droughts and floods. The geomorphological conditions in Poland provide an opportunity to retain up to 15% of the mean annual outflow. The sole reasonable solution is to adopt measures designed to use the natural retention capacity. The scientific studies published focus mainly on the global aspects while ignoring (as reasonably emphasised in the Strategy) "regional analyses showing confirmed correlations between the causes and reasons of floods and their types and intensity, analyses of and interrelations between the structure and volumes of precipitation and its consequences in local catchment areas, separate small hydrographic systems, or local drainage areas". This study aims at supplementing necessary information about the characteristics of longlasting precipitation series, precipitation total and mean values in areas particularly exposed to extreme events: the upper Vistula River basin and the upper and middle Oder River basin. The need to provide such information is also emphasised in the documents developed within the United Nations Framework Convention on Climate Change. The requirement to adapt policies to the observed climate changes, characterised by an increase in temperatures by at least 1°C and changed precipitation patterns, entails the need to develop regional and local analyses of climate changes and thus to provide a basis for scenarios aimed at balancing the effects of climate changes. II.
The role of GPCC Precipitation Climatology Centre in collecting and providing precipitation data
The intense interest in analyses of long-lasting precipitation series results from the need to assess climate changes and their effects on all spatial scales. This demand has led to numerous research and monitoring programmes initiated, supported and carried out by international organizations. In this context, the Global Precipitation Climatology Centre(GPCC) was established in 1989 by the World Meteorological Organization (WMO). The Centre is supported and operated by the DeutscherWetterdienst (DWD, the German Meteorological Office) as a German contribution to the World Climate Research Programme (WCRP).
The main objective of the GPCC is a global analysis of monthly precipitation on Earth land surface based on data provided by "in-situ" precipitation stations. In 1994, GPCC was requested by the WMO to support climate monitoring activities carried out by the Global Climate Observing System (GCOS). The GPCC has joined the GCOS network (GSNMC) in 1999, focusing on atmospheric precipitation while temperature monitoring is conducted by the Japan Meteorological Agency (JMA). The objective of the GPCC is to meet the users' demand for accurate analyses, current and readily available datasets. For example: The WCRP, as part of the Global Energy and Water Cycle Exchanges Project (GEWEX), requires high spatial resolution and accuracy of data for the last two decades while the priorities of the GCOS and IPCC focus on long-term uniformity of time series showing climate changes.
III.

Characteristics of data for 1901-2010
The GPCC data representing total precipitation volumes in individual months in the period 1901-2010, with a spatial resolution of 0.5°x 0.5° of geographic longitude and latitude, converted to the analysed area of Polish catchment basin. Thus a sequence of monthly precipitation values was obtained that is analysed in this study. The GIS mechanisms are used in the spatial analysis of data. The calculated sequence values were subject to a simple statistical analysis in order to determine the basic statistics: the minimum and maximum values, the mean value, standard deviation of the sample and the value of the coefficient of variation. The data is analysed using profiles modelled for individual calendar years and for hydrological years divided into hydrological summers and hydrological winters. The analyses of monthly precipitation cover the years 1901-2010, and the analyses of cumulative monthly total values of precipitation cover the hydrological years 1902-2010.
IV.
An assessment of accuracy of the GPCC data for the period 1961-1990
An analysis of error of mean monthly values of total precipitation for 43 locations was completed to verify the data. The verification covered the period of 30 years from 1961 to 1990 (comparable data was available for that period [9] ). The results of the analysis are shown in tabular and graphic formats. The results of data verification demonstrate errors amounting to a few percent for 38 locations. For 5 locations: Jelenia Góra, Kętrzyn, Kłodzko, Legnica, Przemyśl, the error values exceed 10%. The locations are situated in 0.5°x 0.5° grid meshes partly situated abroad. The values of errors may be affected by measurements made available by neighbouring stations located in the cross-border belt. The data does not contain random errors. The nature of the errors is systematic, as confirmed by the GPCC values of mean monthly precipitation that are greater than the measured ones. 
A taxonomicanalysis
A taxonomic analysis of calendar year profiles was completed using the calculated statistics for monthly precipitation: the mean value, the standard deviation of the sample and the coefficient of variation. The objective of the calculations was to determine year clusters and to identify drought and flood periods.The algorithm is graphically depicted as a dendrogram with its nodes representing clusters and its leaves representing objects. The leaves are located on the zero level, and the nodes at a height corresponding to the measure of dissimilarity between clusters represented by the descendant nodes.
One of the most popular cluster analyses in the hydrology, developed by Ward (1963), is used in this study. The measure is determined based on an analysis of variance.The Ward's method belongs to the family of agglomerative clustering methods. It is recognised as the most effective method in generating uniform clusters. The results of clustering monthly precipitation in the years 1901-2010 described by mean values, standard deviations and coefficients of variation using the Ward's method are represented as a cluster tree. The analysis focuses on a detailed representation of two extreme clusters identified as drought and flood periods in the territory of Poland. 1974, 2010, 2001, 1960, 1980, 1997, 2006, 1957, 1972, 1996, 1918, 1934, 1910, 1946, 1908, 2000, 1907, 1985, 1978, 2009, 1913, 1925, 1930, 2007 .The cluster includes 24 years in total, i.e. about 22 % of the analysed period.
In contrast, the cluster of drought years includes the years when the values of mean monthly precipitation in the Polish catchment basin ranged from 41.06 to 50.71 [mm], standard deviations from 20.61 to 29.94 [mm] and the coefficient of variation ranged from 0.44 to 0.73. The following calendar years are included in the cluster : 1942, 1991, 1929, 1976, 1971, 1964, 1963, 1933, 1902, 1901, 1990, 1973, 1986, 1955, 1993, 1924, 2005, 1988, 1914, 1909, 1995, 1961, 1947, 1954, 1920, 1984, 1975, 1932, 1943, 1959 . The cluster includes 30 years in total, i.e. about 27% of the analysed period. 
Characteristics of long-term variability of precipitation in the territory
Periodicity of precipitation
The periodicity of precipitation in the Polish catchment basin was assessed using signal processing theory with a harmonic analysis applied. The procedures necessary to calculate the values of predominating frequencies were developed in Matlab. The inverses of those values represent the predominating period of repeatability of an event. The analysis was completed for various profiles of the analysed dataset. The periodicity of monthly precipitation considered using monthly profiles of calendar years in the analysed period 1901-2010 may be described as follows: February is characterised by a long predominating period of repeatability: 55 years while predominating periods of repeatability for the remaining months amount to 2.3 to 36 years. Period of repeatability of minimum values: 11 years, maximum values: 3 years, medium values: 10 years. The periodicity of total monthly precipitation considered using hydrological year profiles in the analysed period 1902-2010 is characterised by several predominating periods: 2, 3, 5 and 10 years. In an analysis of predominating frequencies, the 3-year periods for the months December-February, June and October are clearly identifiable. The periodicity of total monthly precipitation considered using hydrological summer and hydrological winter profiles in the analysed period 1902-2010 equals 27 years for the winter season and 36 years for the summer season. 
Premises for an analysis of climate changes observed in precipitation
The trend in climate changes considered using total monthly precipitation profiles for the hydrological summer is described by linear equations with indicated boundary values of coefficients determined at a 5% significance level. Table 9 . Values of parameters of the linear trend in total monthly precipitation in a hydrological year in the analysed period in the territory of Poland
Months of the hydrological year The trend in climate changes considered using monthly precipitation profiles for the calendar summer is described by linear equations with indicated boundary values of coefficients determined at a 5% significance level. Months of the calendar year 
The upper Vistula and the upper and middle Oder
The values of monthly precipitation for the upper Vistula and upper and middle Oder river basins are calculated using GIS mechanisms. The GPCC data representing total precipitation volumes in individual months in the period 1901-2010, with a spatial resolution of 0.5°x 0.5° of geographic longitude and latitude, converted to the analysed area of the upper and middle Oder river basin. A sequence of monthly precipitation values was obtained and is analysed below, like in the analysis covering the territory of Poland.The calculated sequence values were subject to a simple statistical analysis in order to determine the basic statistics: the minimum and maximum values, the mean value, standard deviation of the sample and the value of the coefficient of variation. The data is analysed using profiles modelled for individual calendar years and for hydrological years divided 
A taxonomic analysis
The results of clustering monthly precipitation in the years 1901-2010 described by mean values, standard deviations and coefficients of variation using the Ward's method are represented as a cluster tree. The analysis focuses on a detailed representation of two extreme clusters identified as drought and flood periods in the area of upper and middle Oder river basin. The cluster of "flood years" represents the levels of mean monthly precipitation in the upper and middle Oder river basin ranging from 52.48 to 75.80 [mm], standard deviations ranging from 28.41 to 64.58 [mm] and the coefficient of variation from 0.37 to 1.01. The following calendar years are included in the cluster : 1997, 1926, 2010, 1930, 1927, 1977, 1941, 1915, 1939, 1966, 1981, 1974, 2001, 1938, 1946, 1910, 2009, 1931, 1925, 1965, 1907, 1948, 2000, 1913, 1985, 1954, 2006 . The cluster includes 27 years in total, i.e. about 25 % of the analysed period.
In contrast, the cluster of drought years includes the years when the values of mean monthly precipitation in the upper and middle Oder river basin ranged from 40.63 to 52. 17 [mm], standard deviations ranged from 13.87 to 25.63 [mm] and the coefficient of variation from 0.31 to 0.63. The following calendar years are included in the cluster : 1953, 1943, 1982, 2003, 1904, 1989, 1992, 1911, 1983, 1921, 1990, 1991, 1973, 1928, 1940, 1936, 2008, 2004, 1950 . The cluster includes 19 years in total, i.e. about 17% of the analysed period.
The cluster of "flood years" represents the levels of mean monthly precipitation in the upper Vistula river basin ranging from 61.46 to 86.44 [mm], standard deviations ranging from 43.37 to 64.63 [mm] and the coefficient of variation from 0.65 to 0.85. The following calendar years are included in the cluster: 2010, 1974, 2001, 1960, 1913, 1903, 1997, 1934, 1925, 1908, 1972, 1996, 2000, 1948 . The cluster includes 15 years in total, i.e. about 14% of the analysed period. : 1973, 1969, 1984, 1957, 1986, 1946, 1961, 1951, 2003, 1954, 1928, 1993, 1982, 1904, 1932, 1942, 1921, 1917, 1911, 1956, 1971, 1950, 1988, 1963, 1976, 1983, 1992, 1964, 1979, 1935, 1905, 1990, 1929, 1947, 1991, 1995, 1924, 1953, 1907, 1910, 2002, 1999, 1998, 1922, 1945, 1915, 1952, 1916, 1923, 1987, 1977, 1981, 1944, 1994, 1958, 1967 . The cluster includes 56 years in total, i.e. about 50% of the analysed period. 
Periodicity of precipitationin the upper and middle Oder river
The periodicity of precipitation in the upper and maiddle Oder river basin was assessed using signal processing theory with a harmonic analysis applied. The procedures necessary to calculate the values of predominating frequencies were developed in Matlab. The inverses of those values represent the predominating period of repeatability of an event. The analysis was completed for various profiles of the analyseddataset.The periodicity of monthly precipitation considered using monthly profiles of calendar years in the analysed period 1901-2010 may be described as follows: October is characterised by a long predominating period of repeatability: 36 years while predominating periods of repeatability for the remaining months amount to 2.1 to 7.79 years. Period of repeatability of minimum values: 2.1 years, maximum values: 3.89 years, medium values: 3.21 years. The periodicity of total monthly precipitation considered using hydrological year profiles in the analysed period 1902-2010 is characterised by several predominating periods: 2, 3, 5 and 10 years. In an analysis of predominating frequencies, the 3-year periods for the months November-February are clearly identifiable. The periodicity of total monthly precipitation considered using hydrological summer and hydrological winter profiles in the analysed period 1902-2010 equals 2.08 years for the winter season and 2.35 years for the summer season. 
Periodicity of precipitation by months in the upper Vistula area
The periodicity of monthly precipitation by months of a calendar year in the analysed period 1901-2010 may be characterised as follows: September is characterised by the absence of periodicity while the predominating period of repeatability for the remaining months ranges from 2.1 to 12.11 years. Period of repeatability of minimum values: 3.6 years, maximum values: 36.3 years, medium values: 3.5 years. The periodicity of total monthly precipitation considered using hydrological year profiles in the analysed period 1902-2010 is characterised by two periods of 3 and 13 years. An analysis demonstrates a distinct repeatability period for October: 36 years. The periodicity of total monthly precipitation considered using hydrological summer and hydrological winter profiles in the analysed period 1902-2010 amounts to 13.5 years for the winter season and 36 years for the summer season. 
An analysis by months of a calendar year, 1901-2010 -the upper and middle Oder
The trend in climate changes considered using monthly precipitation profiles for the calendar summer is described by linear equations with indicated boundary values of coefficients determined at a 5% significance level 
An analysis by hydrological years, 1902-2010 -the upper Vistula area
The trend in climate changes considered using total monthly precipitation profiles for the hydrological summer is described by linear equations with indicated boundary values of coefficients determined at a 5% significance level. 
Conclusion
The study contains an analysis of precipitation, covering multiple profiles and based on the GPCC database that provides monthly mean values for the territory of Poland, for the upper Vistula and upper and middle Oder river basins. The analysis includes data for the period 1901-2010 with a spatial resolution of 0.5°x°0.5° of geographic longitude and latitude. The data is analysed using profiles modelled for individual months of the calendar year and for hydrological years divided into hydrological summers and hydrological winters. Two clusters are distinguished in the taxonomic analysis: the cluster of drought years and the cluster of flood years. The periodical nature of precipitation is assessed and the trends in climate changes calculated. The characteristics of trend in climate changes are described by linear equations with indicated boundary values of coefficients determined at a 5% significance level.The study contains the results of data verification for 43 locations. An analysis of error of mean monthly total values was completed, based on a 30-year verification period from 1961 to 1990. The results of data verification demonstrate errors amounting to a few percent for 38 locations. For 5 locations: Jelenia Góra, Kętrzyn, Kłodzko, Legnica, Przemyśl, the error values exceed 10%. The nature of errors is systematic which indicates the need to introduce data verification procedures.In the analysis of monthly precipitation in the territory of Poland, the following calendar years are included in the "flood years" cluster : 1974, 2010, 2001, 1960, 1980, 1997, 2006, 1957, 1972, 1996, 1918, 1934, 1910, 1946, 1908, 2000, 1907, 1985, 1978, 2009, 1913, 1925, 1930, 2007 . The cluster includes 24 years in total, i.e. about 22 % of the analysed period.The opposite cluster (drought years) includes the calendar years : 1942, 1991, 1929, 1976, 1971, 1964, 1963, 1933, 1902, 1901, 1990, 1973, 1986, 1955, 1993, 1924, 2005, 1988, 1914, 1909, 1995, 1961, 1947, 1954, 1920, 1984, 1975, 1932, 1943, 1959 . The cluster includes 30 years in total, i.e. about 27% of the analysedperiod.In the upper and middle Oder area, the "flood years" cluster includes : 1997, 1926, 2010, 1930, 1927, 1977, 1941, 1915, 1939, 1966, 1981, 1974, 2001, 1938, 1946, 1910, 2009, 1931, 1925, 1965, 1907, 1948, 2000, 1913, 1985, 1954, 2006 . The cluster includes 27 years in total, i.e. about 25 % of the analysed period. The opposite cluster (drought years) includes the calendar years : 1953, 1943, 1982, 2003, 1904, 1989, 1992, 1911, 1983, 1921, 1990, 1991, 1973, 1928, 1940, 1936, 2008, 2004, 1950 . The cluster includes 19 years in total, i.e. about 17% of the analysedperiod.In the upper Vistula area, the cluster of "flood years" includes the calendar years: 2010, 1974, 2001, 1960, 1913, 1903, 1997, 1934, 1925, 1908, 1972, 1996, 2000, 1948 . The cluster includes 15 years in total, i.e. about 14% of the analysed period. The following years are classified in the opposite cluster (drought years) : 1973, 1969, 1984, 1957, 1986, 1946, 1961, 1951, 2003, 1954, 1928, 1993, 1982, 1904, 1932, 1942, 1921, 1917, 1911, 1956, 1971, 1950, 1988, 1963, 1976, 1983, 1992, 1964, 1979, 1935, 1905, 1990, 1929, 1947, 1991, 1995, 1924, 1953, 1907, 1910, 2002, 1999, 1998, 1922, 1945, 1915, 1952, 1916, 1923, 1987, 1977, 1981, 1944, 1994, 1958, 1967 The described analyses confirm the hypotheses proposing climate changes resulting from human activities. The analyses emphasise the regional nature of those changes. The differences in their consequences, as disclosed in the analyses by months of the calendar year and hydrological months, indicate temporal and spatial variability and a regional nature of the changes. This study aims at supplementing necessary information about the characteristics of long-lasting precipitation series, precipitation total and mean values in areas particularly exposed to extreme events: the upper Vistula River basin and the upper and middle Oder River basin. The study demonstrates the need to adapt policies to the ongoing climate changes affecting precipitation and to adopt regional and local plans and strategies as required to develop scenarios designed to balance the climate change effects.
